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rORmilOM  OF  Tiffi  FI£>W  FiTH  OF  A  TUBBUS  EY  UNDERCUTTING 


BLADES  OF  THE  INITIAL  STAGS 

A.  M.  2^Ta&oTakiy,  at.  «!• 

Th«  aarodynamle  eharaoteristiea  are  glran  for  a  series  of  stages  fornsd  by 
uoderoutting  the  blades  of  the  initial  stags. 

The  work  of  the  I.  I.  Folzunor  Central  Boiler  and  Turbine  Institute  [1]  shows 
that  at  the  present  tlsis  It  Is  adyisable  to  form  and  ealeulate  the  flow  paths  of 
turbines  by  ths  method  of  'model  stages*. 

This  method  specifies  the  formation  of  the  flow  path  from  the  Initial  stage 
by  undercutting  the  blades  for  the  giren  operating  eondltlons  of  a  group  of  stages, 
and  In  certain  cases,  of  the  entire  flow  path  of  an  IndlTldual  turbine  cylinder 
or  of  ths  turbine  as  a  whole. 

In  order  to  be  able  to  use  the  Ixiitlal  stage  In  the  formation  of  the  flow 
path,  It  Is  necessary  that  It  haTS  the  following  charactaristlest 


=  /  («/Co). 

(1) 

c,/«  =  f  («/Co). 

(2) 

=  c,/c'=f  (u/CqI, 

(2‘) 

9  =  f{D.  «/Co), 

(5) 

(i  =  f  (S,  6p.  «/c'), 

(4) 

ra-TT-6l-444/l*2+4 


1 


a,.  P,.  aj==<p(D,  t,  u/Cq), 


(3) 

(6) 


where  le  the  effieieney  of  the  cteige  on  the  rim  of  the  runner  without  uelng  the 
output  of  the  preeediBg  eteget 

is  the  eiroumferential  relseity  for  a  mean  diameter  D^; 
e^  is  the  reloeity  eorreeponding  to  the  total  drop  to  the  stage; 
e^  is  the  axial  eooqponent  of  the  reloeity  at  the  output  of  the  stage; 
e  is  the  degree  of  reaetirity; 

0  is  the  use  faetor  of  the  output  reloeity  of  the  preeeding  stage; 

^1*  ^2*  ^2  angles  of  outflow  fron  the  ehannels  of  the  flow  path; 

^ 

m  r 

where  1  is  the  height  of  the  runner  blade, 
r 

In  addition,  we  need  materials  whieh  would  enable  us  to  determine  the  ehange 
in  the  abore-Bientioned  eharaeteristies  resulting  from  undereutting  the  blades 
and  ehanging  their  widths. 

The  eharaeteristios  of  the  initial  stage  and  the  eorreetions  to  them  ean 
theoretically  be  obtained  in  two  wayst  a)  by  calculation  and  b)  by  testing  the 
stage  in  rotation. 

At  the  present  time  it  is  still  impossible  to  obtain  by  the  calculation  smthod 
with  acceptable  accuracy  for  practical  purposes  the  abore -mentioned  characteristics, 
and  in  particular  the  corrections  to  these  characteristics  related  to  undercutting 
the  blades.  At  the  present  state  of  the  inrestigations  ef  the  elements  of  the 
flow  path  such  data  can  be  obtained  only  by  testing  the  initial  stages  in  rotation. 
Ths  calculation  swthod  at  the  present  time  ean  be  used  only  during  the  designing 
of  the  initial  stage.  A  stage  thus  designed  requires,  as  a  rule,  adjustment  during 
testing,  in  order  to  obtain  asrodynamic  and  strength  eharaeteristies  whieh  quali- 
tatiTcly  meet  modern  requirements. 

At  the  present  time  our  task  Is  to  create  a  series  of  initial  stages  whieh 
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would  oatis^  th*  requlrwoiMats  of  otooB-  and  gu-turbine  eonstruetlon. 


fig.  1.  ProfilM  of  different  erosa  aee- 
tions  of  the  runner  blade  and  the  ehannela 
formed  by  theae  profilea.  Croaa  aeotiona 
at  the  following  diatanoea  from  the  root 
dianeteri 

a)  3*22  on,  b)  l6.31  mm,  e)  S  d)  49  an, 
a)  60  nab 

The  preaent  article  eontaina  data  conaeming  one  of  the  initial  atagea  darel- 
oped  at  the  Central  Boiler  and  Turbixie  Inatitute,  and  it  ia  ahown  that  under  eer« 
tain  eonditiona  it  ia  poaaible  to  eonaiderably  change  the  geometrical  dimenaiona 
of  the  initial  atagea  without  any  appreciable  change  in  the  efficiency,  the  flow 
eharacteriatica,  the  reaotlTity,  and  other  indioea  of  the  atage. 

for  atagea  with  twiated  bladea  the  aimpleat  caae  ia  to  undercut  the  guide 
Tanaa  of  the  initial  atage  on  the  aide  facixig  the  turbine  abaft  and  to  undercut 
the  runner  bladea  from  the  top.  Trom  the  point  of  riew  of  the  technology  of  manu¬ 
facture  of  the  blading  aueb  undercutting  ia  wery  conTanient  and  adTantageoua,  aineo 
the  bladea  are  out  from  the  free  extd  and  the  root  doea  not  ahift  relatiwe  to  the 
root  croaa  aeetioaa  of  the  bladea  of  the  initial  atage. 
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D>ta  ^  the  Studied  at  the  Centra! 


Tb*  Initial  staiga  has  eylindrieaX  guide  ranee  vdth  a  profile  close  to  TH>2 
TaBn.  The  runner  blades  are  twisted  according  to  the  law  «>  «  const*  The 

initial  profile  of  the  ruimer  blade  (at  the  root)  is  sisdlar  to  the  root  cross 
section  of  the  first  stage  of  the  low-pressure  section  of  the  GT-12  JJO, 

figure  1  shows  the  profiles  of  fire  cross  sections  along  the  hsight  of  the 
runner  blade  and  the  channels  fomsd  by  these  profiles.  The  lower  pair  of  profiles 
refers  to  the  cross  section  located  at  a  distance  of  3*22  osi  from  the  base  of  the 
profile  portion  of  tbs  blades;  the  second  pair  refers  to  the  cross  section  l6.51  nm 

from  the  base;  the  third  pair  of  profiles  is  established  for  D  ;  the  fourth  refers 

m 

to  the  cross  section  49*0  am  from  the  base  of  the  blade*  and  the  fifth  pair  refers 
to  the  cross  section  3*3  am  from  the  peripheral  portion  of  the  blades. 

The  runner  blades  were  undercut  from  the  top  dtxring  the  tests.  The  nuiid>er  of 
these  blades,  as  well  as  their  angle  of  Installation,  remained  the  same  in  all  the 
stages  obtained  after  undercutting. 

The  guide  Tanes  were  undercut  from  their  free  ends.  The  number  of  them  was 
raried  in  such  a  way  that  in  the  stages  obtained  after  undercutting  the  pitch  at 
the  mean  diasMter  was  kept  appraximately  constant.  Detailed  geometrical  data  con¬ 
cerning  the  stages  studied  are  giren  in  the  Table.  The  design  of  the  flow  path 
of  the  initial  stage  is  shown  in  Tig.  2* 

The  runner  blades  were  unshrouded;  the  guide  ranes  were  sealed  at  both  ends 
into  the  turbine  frame,  so  that  there  were  no  leaks  between  them  and  the  rotor 
during  the  tests.  This  oust  be  bom  in  mind  when  using  the  test  data  giren  in 
this  article. 

The  angles  of  Installation  of  the  guide  Tanes  Yg  changed  seTeral  tiaies 
during  the  tests  on  each  newly  obtained  stage.  The  limits  of  these  angles  were 
38°30'  and  46®30'. 

This  led  to  a  corresponding  change  in  both  the  degree  of  reactiTity  and  the 
streasilina  conditions  of  the  runner  blades  with  a  resulting  change  in  the  efficiency. 
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HiB.  2.  SMign  of  tho  flow  path  («} 
and  affieiandy  on  the  rim  (b)t 

1)  k  «  tJJ  «  0.005i  2)  k  a  0.010| 

3)  k  «  0.015}  4)  k  »  0.020}  5)  k  » 

*  0,025i  6)  X  -  D  A  =  5.5}  7)  X  « 

-  6.3,  8)  A  -  7.4*^  ' 

« 

kzamplet  effiolenoy  when  x  a  7.0, 

u/el  a  0.56  and  k  a  0.OI,  equals  87.1  • 
1.7  a  85.4^. 


Zn  the  basio  tests  the  closed  axial  gap  S  amounted  to  25  am.  In  order  to 
aaoertaln  the  effect  of  a  change  In  the  magnitude  of  this  gap,  certain  tests  wwre 
csrried  out  at  S  a  10  to  40  amu 

The  Re  ralues  (calculated  from  the  chord  of  the  blades)  raried  from  1.0  >  10^ 
to  1.5  •  10^. 

The  cosgiressibility  criteria  reached  M  a  0.6. 

The  results  of  a  study  of  the  stages  are  shown  in  Figs.  2  to  8. 

Figure  2  shows  the  Tslues  'll!  ^  ^  (u/c^)  at  different  ralues  of  the  relatiTS 
radial  gaps  obtained  during  testing  of  the  initial  stage  with  x  a  4.5. 

▲s  can  be  seen  from  the  curres,  the  stage  has  rery  good  efficiejacy  indices. 

▲t  gaps  of  0.5  to  l.CK,  the  ones  most  often  encountered  in  stages  with  long  blades, 
the  efflciexkcy  ralues  on  the  rim  of  the  runner  without  using  the  output  Telocity 
of  the  preceding  stage  at  an  optiaim  Talue  of  u/e^^  are  equal  to  0.87  to  0.89. 

This  means  that  when  used  as  an  intermediate  stage  this  stage  will  hare  an  effie> 
ieney  of  O.9I  to  0.93  at  the  radial  gape  usually  encountered. 

The  uniform  pressure  fields  at  the  output  of  the  stage  (Fig.  3)  attest  to  the 
fact  that  the  stage  being  inTestigated,  eren  when  playing  the  role  of  an  intermediate 
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■tag*,  will  retain  high  •fficlcney  Taluea  not  only  at  th*  optiouat  yalu*  of  u/c^ 
but  in  the  entire  region  of  change  in  u/e^  occurring  in  the  tube  inatallationa. 


Tigm  3*  The  change  in  th*  total  prea- 
aur*  (exeeaa)  behind  the  stag*  along 
the  radiuat 


«)  u/c^ 
e)  u/c^ 


0.475;  b)  u/c^  »  0.575 
0.650. 


periph  c)  periph 


/ 


4b 


5S0  too  1^ 


fig.  4*  The  change  along  th*  radiua 
of  the  degree  of  reaction  in  the  atageat 


a)  when  u/e^ 


0.475  b)  when  u/c^  »  0.575 


c)  when  u/c^  a  O.650 

l)x*  4.5;  2)  X  a  5.5;  3)  x  =*  6.3; 
4)  X  ■  7.4 


The  many  data  on  the  Taluea  of  71^  obtained  during  the  teating  of  the  atagea 
newly  fcraed  by  undercutting  blade*  with  the  aam*  angle  of  inatallation  of  the 
guide  yanea  (y^  >  42^30')  ahowed  that  the  yaluaa  of  begin  to  deereaa*  noticeably 
only  when  x  increaaea  greatly.  For  ncaople,  when  u/c^  a  0.6,  an  increase  inxflrom 
4*5  to  5.5  decreased  by  0.3{(|  an  increase  up  to  6.3  decreased  i)^  by  0.8K.  A 
noticeable  decrease  in  (by^SSC)  occurred  only  when  th*  heights  of  the  blades 
were  decreased  by  409(  (x  >  7.4)  hy  conpariaon  with  the  initial  stag*  (xa  4.5).  It 
should  be  noted  that  in  this  case  the  relatiy*  height  of  th*  blades  (see  Table) 
decreased  from  3.02  to  1.5. 

Th*  lower  part  of  the  graph  in  Fig.  2  giyes  the  efficiency  corrections  which 
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take  Into  aeeount  the  change  in  X  aa  a  reault  of  undenuttlng  with  y  kept  equal 
to  In  order  to  obtain  the  effioieney  with  undercutting  taken  into  aeeount, 

it  ia  neeessary  in  the  oaae  of  the  eorreapooding  relatiwe  gap  to  deteznine  the 
effioieney  of  the  initial  atage  from  the  baaie  graph  in  Fig.  2  and  from  it  subtract 
the  for  the  corresponding  x.  For  a  numerical  example  aee  Fig.  2. 


w 

flU 

_ sJPh 

0 

i  tfi  2p 

Fig.  5«  ^ba  change  in  the  efficiency 
of  a  stage  as  a  function  of  the  gap 
between  the  blade  clusters. 

Tests  showed  that  when  the  blades  are  cut  in  one  and  the  same  cross  sections 

the  degree  of  reactirity  increases.  For  example,  in  passing  from  \  3  4.5  to 

X*  6.3  #  increased  from  »  *  O.49  to  »  *  0,54  on  the  periphery  and  from  •_  »  0.11 

P  .  P  r 

to  3  0.19  at  the  root. 

Consequently,  leakages  on  the  periphery  and  suction  at  the  root  are  increased, 
and  ths  streamlining  of  the  runner  blades  deteriorates  somewhat,  thereby  causing 
a  decrease  in  efficiency. 

Fig,  6.  The  change  in  the  flow 
eharaeteristica  of  the  stage  e^/u 

and  e  /el  aa  a  function  of  u/el 

so  0 

for  the  ratios  f/F  »  0.003  bo 
0.0?5. 

An  effeetiTe  method  making  it  possible  to  retain  high  effioieney  during 
undercutting  is  to  va^  the  angles  of  installation  of  the  blades  for  the  purpose 
of  decreasing  ths  degree  of  reactiwity  to  optimum  Tslues.  For  exaiqple,  when  t  he 
angle  of  installation  of  the  guide  Tanea  y  waa  kept  at  42^30*  and  tbs  blades  were 
cut  up  to  X*  6.3t  the  efficiency  decreased  byAt^  *  0.9^,  Whan  the  angle  of  instal* 
lation  of  the  guide  ranes  of  ths  stage  was  changed  to  y^  3  40^30'«  the  decrease 
ia  efficiency  by  comparison  with  the  initial  stage  amounted  to  only  0.39^.  It  ia 
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intcrtstlng  that  tha  dagrae  of  iraaetiTity  daaraaaad  in  thia  eaaat  at  tha  pariphary 

s  0.32  to  0.45f  at  tha  root  a  «  0.20  to  0«12. 

P  * 

Figura  4  giraa  an  Idaa  of  tha  dagraa  of  raaetirity  at  dlffarant  A  and  u/o^ 
and  with  an  angla  of  inatallation  y  «  42^30'. 

Figura  3  ahowa  tha  ohanga  in  tha  aaxtmaBi  affieianey  of  tha  ataga  aa  a  function 
of  the  eloaad  axial  gap.  The  ahapa  of  tha  ourra  eorroborataa  tha  eziating  opinion 
oonearning  the  datemining  rola  playad  in  tha  giwan  caaa  by  two  baaie  faetorat 
tha  affaet  of  nonunifonnity  of  tha  flow  in  front  of  tha  runnar  and  friction  loaaaa 
on  tha  annular  aurfaeaa. 

Figure  6  ahowa  tha  flow  eharacteriatica  of  the  atagaa.  The  ralue  of  c/vl 
waa  found  to  be  practically  tha  aame  in  all  atagaa  under  all  raginaa  and  for  the 


entire  zone  of  gape  being  inveatigated.  The  same  appliea  to  the  eharacteriatic 
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Fig.  7.  Curraa  of  diatribution  of  arena 
and  BioBianta  of  raaiatanea  and  inertia  of 
tha  croaa  aactioaa  along  the  height  of 
tha  blade. 

I^om  tha  initial  atagaa  it  ia  naeaaaary  to  praaant  data  characterizing  tha 
atrangth  propartiaa  of  tha  blades.  In  the  caaa  of  tha  stage  daseribad  in  the 
present  article  these  data  are  given  in  Fig.  7  in  the  fom  of  curvea  of  diatribu- 
tion  of  croaa-aaotional  areas  and  of  moaiants  of  raaiatanea  and  inertia  along  tha 
height  of  tha  blades. 
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Fig.  8.  The  change  along 
the  radius  of  the  angle 

in  the  ixdtial  stage  for 
different  regiaest 

l)  u/c*  *  0,475i  2)  u/c^  « 

■  0.575 I  3)  u/e*  »  0.650 

ngore  8  illustrates  the  direction  of  flow  behind  the  guide  Tanes  of  the  ini¬ 
tial  stage.  The  data  are  giren  for  different  regiaes. 

In  order  to  form  a  blading  apparatus  satisfying  stodern  technical  and  economic 
requirements,  the  method  proposed  in  the  preeent  article  can  be  used.  It  consists 
of  the  followiogi 

A  series  of  stages  is  fonnsd  from  the  initial  stage  by  undercutting  the  run¬ 
ner  blades  from  the  periphery  and  the  guide  ranes  from  the  side  facing  the  shaft. 
In  so  doing  the  pitch  of  the  guide  Tanes  is  kept  constant  at  the  mean  diameter. 

In  a  large  cutting  of  the  blades  a  farorable  Talus  for  the  degree  of  reaction  is 
achisTsd  by  Tsrying  the  angle  of  installation  of  the  guide  Tanes  alone. 
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Tta*  rMOBnaadad  i&etbod  of  forming  tho  flow  path  of  turbines  is  sinpls  and 
eontrsnient  from  the  point  of  Tisw  of  the  tsehnolog/  of  msnufacturs  and  ansuras  tha 
possibility  of  widely  unifying  turbine  stages. 


1,  ^  za^adarskiv  and  ^  Babenko.  Instruetions  for  the  Aerodynamie  Caleula- 

tion  of  the  Flow  Path  of  Stationary  Gas  Txirbinea,  ■Snergomaahinostroyeniye* , 

Mo.  12,  195T. 
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